Influence of indium doping on AIGaAs layers grown by molecular beam epitaxy Influence of indium doping on the qualities of AIGaAs layers grown by molecular beam epitaxy has been studied. It was found that a proper amount of In doping can increase the photoluminescence intensity drastically by a factor greater than 10 indicating an improvement in the optical quality of AIGaAs epilayers. The improvement in the material quality is attributed to a higher surface migration rate of In atoms than those of Ga and Al atoms leading to a reduction of group HI vacancies. However, too great a concentration of In atoms leads to effects that may degrade the film quality.
GaAsl AIxGa 1 ~~ xAs heterostructures grown by molecular beam epitaxy (MilE) are widely used in high-speed and optoelectronic devices. The performance of these devices depends on the quality of AIGaAs, which is strongly influenced by the growth conditions, such as growth rate, growth temperature, Al concentration, V lUI flux ratio, source quality, furnace temperature stability, background pressure, and even the run time after opening the growth chamber. Because of the presence of AI, which has lower surface migration rate than that of Ga, vacancies arc more easily formed than in GaAs resulting in poorer material quality. Higher growth temperatures, I hydrogen passivation,2 very slow growth rates,] and migration-enhanced epitaxy4 have been used to improve the quality of AlGaAs. In this letter we report a different method which uses In doping during MBE growth and can very effectively improve the AIGaAs quality.
It is well known that In doping in bulk GaAs growth increases material strength and reduces dislocation density, 5 Recently, it has also been observed that the optical property of MilE-grown GaAs could be improved with In doping. 6.7 In this letter we have studied the influence of In doping on the quality of AIGaAs using low-temperature photoluminescence (PL) measurement. Growth was carried out on undoped semi-insulating GaAs (100) The measured PL spectra for A10.42 Ga O . 5H As with different In-doping concentration are shDwn in Fig. 1 . The main peak is due to the bound exciton, and the side peak is due to the combination of defect exciton (d,x) , carbon acceptor (e,Co), silicon acceptor (e,Sio), silicon donor to carbon acceptor (Sio,Co), defect complex Cd), and phonon replica. H Since the Al composition is very high, a large amount of defects and impurities were incorporated during epitaxial growth. These defect-and impurity-related peaks cannot be well resolved. The results of the PL measurement are summarized in Table 1 . Figure 2 shows the bound exciton linewidth, the bound exciton intensity, and the intensity ratio of the main peak to the side peak against In concentration.
From the results presented above, it is clear that a small amount of In greatly improves the optical property of AlGaAs yielding higher PL intensity and narrower PL linewidth. The linewidth of the bound exciton reaches a minimum and the intensity reaches a maximum when the In concentration is 1.4 X 10 1 '1 em -3 or 0.065% in group III mole fraction. However, when the In concentration reaches 4 X 10 19 em -3 or 0.18%, the PL i.ntensity drops and the linewidth widens. The narrowest linewidth obtained is 7.6 meV. To our knowledge, the best PL linewidth reported for MBE~grown AIGaAs with comparable AI composition and similar growth temperature is 4 me V.· J But that was obtained with a very slow growth rate (0.14 ,urn/h). With a "faster" growth rate, 1.4 ,um/h, the same reference reported a linewidth of 44 meV, which is much wider than our result" The fact that our result was obtained with a low growth temperature and a relatively fast growth condition (1 I1m/ h) shows that In doping indeed greatly improves the quality of AIGaAs" It should be pointed out that the small and random shift of the bound exciton peak position among those samples is due to drops as the density of deep traps increases. 10 Past efforts in improving the AIGaAs quality such as higher growth temperatures, growth interruption, migration-enhanced epitaxy, and hydrogenation, can be, at least partially, attributed to the reduction of the vacancies by either increasing the surface migration rate of group III atoms or passivating the defects associated with the vacancies" In this study, the increase ofthc PL intensity due to In doping can be explained by the In atoms occupying the Ga or Al vacancies due to higher surface migration rate, decreasing the paths for defect~related nonradiative transitions. The decrease of PL intensity and the increase cfthe linewidth for heavily In-doped samples are probably attributed to the new impurities associated with the In source and the strain-induced defects in the epilayers due to a small amount of lattice mismatch between the In-doped AIGaAs layer and the underlying GaAs. Studies for GaAs/lnGaAs quantum wells have also shown decreased PL intensity due to misfit dislocations in the strained InGaAs. II From Table I , one may notice that the PL intensity of the side peak in the spectra does not increase proportionally as the main peak due to In doping. This is probably because the reduction of vacancy concentration resulting in reduced defect complex emission as In concentration increases, The intensity ratio of the main peak to the side peak for the Infree sample is 12.2 but goes up to a maximum value of 23.4 for the sample with an In concentration of 1.4 X 10 19 cm-3. then drops to 1.18 for the sample with an In concentration of 4 X 10 19 em 3. It should be pointed out that the relative intensities of the main peak and the side peak strongly depend on the laser pumping power l2 and are difficult to compare with other reported results" The results presented here were based on measurements performed at the same time with the same pumping power. The increase of the intensity ratio is a good indication of the improvement of the material quality.
In conclusion, we have found that the quality of MBEgrown AIGaAs can be greatly improved by proper In doping" The improvement is attributed to the reduction of vacancy concentration of group III atoms due to higher surface migration rate of In atoms" The optimum In concentration for A1o.42 Ga O . 58 As was found to be around 1.4 X 10 19 cm -3, or 0.065% in mole fraction, where more than a ten times increase in PL intensity was observed.
